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Disclaimers

The rindings in this report are not to be construed us un of-
ficial Department of the Army position, unless so designated
by other suthorized documents,

" The citution of trade names und names of munufacturers in
§ this report is not to be construed as official Government in-
y dorsement or approval of commerciul products or services
{ referenced herein.

Disposition
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INTRODUCTION

& - Whether opearation at one specific wavelength is significantly better .
5 r than at some other is a question of major Importance within the Army ;
" ) to developers and users of weapon systems and sensors which employ
electro-optical devices, Airborne soil particles can seriously degrade
the tranemission of electromegnaetic energy through the atmosphere for
radlation at lasers wavelengths. Calculations made by Patterson! show
that extinction due to soll-derived aerosols is approximately wavelength
independent betwaen 0.55um and 10.6um for a range of measurxud and modesl
. particle size distribucions,

However, the conclusiona reached by Petterson may not be valid for aeroc-
sols induced by battlefield activities such as dust and dabris clouds
generated by explosions or vahicular activities. In an effort to deter-
mine whether transmittance is better at one wavelength than another for
battlefield conditions, a study was conducted by using transmittance
measuraments takan during eeveral field tests,

r
9
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;

Transmittunce measurements at saveral wavelengths were made through dust
and debris clouds generated by muniticns, explosives, and moving vehicles
under a variaty of conditions. The data obtained were processed to deter=-
mine the amount of time during esch trial the measured transmittances

wore legs than specified levels. Visual examination of these processed
data showed that in many of the individual trials there were no majer
differences betweon the various wavelengths in the amount of time that ‘
transmittance was reduced. In other trials, differences between wave-

lengths were apparent. To have a scientific basis for such conclusions,
statistical tests were applied to the resulting information to determine

whather the transmittance At any one wavelength was significantly dif-
ferent from the others,

SOURCES OT DATA

Transmittance maeasurement data used in this study were obtained during
four field tests!

1. Dust and Debris Test? conducted at Fort Sill, Oklahoma, May 1978;

2. Dust Trial Phase of Smoke Week I3 conducted at Dugway Proving
Ground, Utah, November=-December 1977;

d ‘E. M. Patterwson, 1977, "Atmoapheric Extinction between 0.33um and
' 1,06um Due to Soil-Derived Aerosols,'' Applied Optics, 16:2414-2418

2ys Army Dugway Proving Ground, 1578, "Dust/Debris Test Conducted at Fort
§111, Oklahoma, by Dugway Proving Ground," DPG-FR-78-313, Dugway, UT

3us Army Dugway Proving Ground, 1977, "Dust Trial Phase of Inventory
Smoke Munition Test (Phase Ila)," DPG-FR-77-317, Dugway, UT
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v 3. Smoke Week II" conducted at Eglin AFB, Florida, November 1978;
E and

i A

4. Dusty Infrared Test I (DIRT-I)5+* conducted at White Sands
Missile Range, New Mexico, October 1978,

IR

Measurements for the Fort Sill test and both Smoke Week tests wers made
with telephotometsrs and transmissometers from Dugway Proving Ground,
Measurements were made at 9.75um, 3.443um, 1.06um, and O.4um to 0.7um
(referred to as '"visible" later) in each test. The Naval Researca Lub-
- oratory made measurements during DIRT-I at 10.35um, 1,06um, and 0,55um,
i% but the 1,06um Jata were not considersd raliable and wers not uassd in
E

ERe
R

this analysis. Length of the line-of-sight was 1106 m during the Fort
S1l1 teot, 600 m during Smoke Week I, 800 m during Suoke Weak II, and
2 km during DIRT-I,

v

Individual trial numbers, scutrces of dust clouds, and duration of the
data used in this analysis are gummarized in table 1. Additional infor-

mation concerning these tests and the individual trials may be found in
the references.

METHODS USED TO PROCESS DATA

When examining the tranumittance versus time data, one has difficulty
determining if the transmittance at one wavelength is significantly
"better" than at ancther. Figures 1 and 2 are plots of the transmittance
measurements taken during one of the triale of the Fort ${11 Duast and
Debris Test which show the difficulty of such analyeis. To obtain infor-
mation more readily analysed, the durations of time for which the measured
transmittance was less than specified levels were computed., Then the per-
cantage of the time the transmittance was below each level was found for
each wavelength and sach trial. Plote of this information are given in
figurea 3 through 59, whexe K is the spucified level that tha transmittance
did not exceed. The total amount of time for which data was processad
varied for the individual trials but was as nearl' the same aa practical
for all wavelengths in each trial.

“US Army Dugway Proving Ground, 1979, "Smoke Werx II Tast Final Report,"
Volume 2, DPG-FR-78-317, Dugway, UT

. J, D. lindberg, ed., 1979, "Measured Effects of Bartlefield Dust and
Smoke on Visible, Infrared, and Millimeter Wavelength Propagution: A
Preliminary Report on Dusty Infrared Test-I (DIRT-I)," ASL-TR-0021,
Atmospheric Bciences Laboratory, White Sands Missile Range, NM

*Naval Resesrch Laboratory, 1979, unpublished :rannmillomotor datu from
DIRT-I1, Washington, DC
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TABLE 1. TEST DATA USED IN ANALYSIS

Test Serive Trinl Dust Source Duration of Data (s)
Fore 8ill Test Pl Vehicle 104
(ref 2) P2 Vehicle 130
: P3 Vahicle 123
! P4 Vahicle 50
: 03 153 mm 1 round 58
H 04 135 om 3 rounds 58
5. 08 153 mn 3 rounde 51
: 06 © 1585 m;m 3 rounds L} ]
. 07 155 mm 3 rounds 47
08 155 mm 3 rounds 89
' 09 155 mm 2 rounds 57
‘ 10 155 mm 2 rounds 74
: 1 155 mm 2 rounds 36
H 12 105 mm 1 round 58
13 108 mm 1 round 40
14 105 mm 1 round 38
L 15 108 mm 1 round 49
: 18 105 mm 1 round 73
17 108 mm 1 round n
18 105 ma 1 round 59
B 19 103 mm 1 round 7
N 20 105 mm 1 round 59
' 21 105 mm & rounde 88
22 108 mm 5 rounds n
Smoke Waek I Dl TNT 3.3 1b 99
(vef 1) D2 INT 5 1b 99
, pX} TNT 8 1b 99
D4 TNT 6.7% 1b 9
b}] INT 13 1b 99
D&R TNT 35 1b 99
Smoke Week 11 23 103 mm 6 rounds 11?7
(vef 4) 23R 103 mm 6 rounds 113
26 135 mm 6 rounds 120
27 Vehicls 119
29 188 mm 6 rounds 117
0 105 mm 6 rounds 127
DIRT 1 Bl INT three 13-1b charges 358
; (vef 3 and un- 82 TNT three 15-1b charges 238
) published Naval B3 TNT three 30-1b charges 299
Rescarch Lab B4 TNT three 30-1b charges 300
data from BS TNT cthree 60-1b charges 360
DIRT-1) Bé INT three 60~1b charges 420
87 TNT three 120«lb charges 597
B8 INT three 120-lb charges 1014
¢l TNT one hundred and forty B4O
15-1b charges
El 133 mm 3 rounds 360 .
. E2 155 mm 3 rounds 360 i
: E3 155 mm 12 vounds 300 i
¥ B4 158 mn 13 rounds 360 ;
() Fl 133 mm 4 rounds 180
P ¥2 158 mm 12 rounds 420
3 F3 155 mm 12 rounds 00
! ré 155 wm 8 roundp 480
B FS 135 wm 8 rounds 480
: Fé 133 wm B rounds 240
r? 133 mm 8 rounds 160
r8 159 mm 3 rounds 230
?
Ses o i 3T
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Examination of these plots shows that for some trials there ls very
little variation by wavelength, while for others the variation is
reletively large.

RESULTS OF STATISTICAL TESTS FOR INDIVIDUAL TRIALS

The data illustrated in figures 3 through 59 were analyzed to determine
if eny significant differences could ba detected among the various wave-
lengths for each individual trial. The Kolmogorov-Smirunov test® was
used for each palr of wavelengths to determine if the datzs sets were from
the same or different distributions. This test is usually used to com-
pare cumulative probability discributione. 1In this case, it was assumed
thut the computed percentages of time that transmittance was below speci-
fied levels are equivalent to cumulative probability distributions and
that the Kolmogorov-Smirnov test may be used to test two sample distri-
butions when the underlyving distribution 1s not known. A level of sig-
nificance of 0.05 was used, meaning that there is a 5 pelcent chance of
finding that the two data sets are not from the same distribution when
they actually are. The test atatistic computed is the absolute maximum
difference for two wavelengths between the percentages of time trane-
mittance was reduced for the set of specified transmittance levels. 1f
this maximum {s greatear than the Kolmogorov-Smirnov teset atatistic for
that sample eize (assumed equal to total number of seconds), then a
significant difference has been found. Results of these tests ara shown
in table 2, in which S indicates that the two data sets are found to be
from the same distribution, X indicates that the two data sets arae not
from the same distribution, and a dash (-) indicates that the data were
not available,

Several conclusions may be drawn from the results of these tests.

1. There was no significant difference detected between the 3.443um
and 1.06um transmission for any test.

2, The 9.75um and the visible transmission were found to be sig-
nificantly diffarent most frequently.

3, Significant differences waere less frequently detected for trials
conaisting of single explosions than for the multiple round tests and
vehicular dust tests.

4. In most of the DIRT-I triale in which eignificant differences
were detected, the 0,55um wavelength was better than the 10.335um wave-
length. (See triale BB, Cl, El, E2, F2, F3.) This finding is contrary
to what was expected.

However, we did not find that one wavelength wam '"better" than another

most of the time.

IATASH, . TR DX RO A
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€H. M. Walker and J. Lev, 1953, Statlstical Inference, Henry lNo.ie and
Company, New York :
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RESULTS OF STATISTICAL TESTS FOR THE COMBINED DATA SET

While the results of the statistical tests done on individual trials
yield interesting information, results from combinations of the data
from several trials could be more important., In investigating this
aspect, mean values of the fraction (percentage/100) of the time for
which the transmission did not exceed the value of K were computed for
d sach wavelangth for several combinations of the individual triasls. For
e example, mean values were computed for the fiva tests involving vehicular
? dust. Then, the mean values for each pair of wavelengths were tedted
for equality using the Srudent's t-test., This test is used for comparing
the means of two normal populations when the wtandard deviations are not
known and cannot be considered equal., Table 3 gives the results of these
tests for the combined vehicular dust data, along with the means and
- standard deviations used in the statistical tests. A level of signifi-
- cance of 0.05 was used for @ one-tailed teet. The test statistic com-

g puted is - e
: Xi - X2
! (O

£ 2 s
: n n
E.

where ii is the mean value of the time the transmittance was reduced to

éh the epecified level for wavelength 1, s, is the standard deviation, and

- i
? n 1s the number of cagqas, If Z is greater than the student t-statistic,
s then a significant difference has buen found. In table 3, the symbol §

indicates that no significant difference was found, while an X indicates
that one mean is eignificantly lavger than the other.

e T T R i s i il PSR ST TR A R o

Likewise, table 4 gives the same information for the triale which in-
volved single rounds of munitions or explosivus for a total of 16 cases.
Other combinations involving multiple round trials produced no significant
differences in the mean values. Tables 5 through 7 give means and standard
deviations for combined multiple round trials,

AT TR ANDY T

L TP

Conclusione which may be drawn from these tests are as followe!:

1. At several important levels of ctransmission, between 0,3 and

‘ 0.8, the 9.75um wavelangth was significantly better than 3.443um and
1,06um in vehiculayr dust; that is, the obscuration to the lower levels
of transmission had shorter duration at 9.75um, i

: + 2. In vehiculsr dust, the 9.75um wavelength was marginally better
than the visible, but no other significant differences were detected.

3, In the case of dust and debris clouds generated by eingle ex-
plosions, the 9.75um wavelength was significantly better than 3.4%3im,
1.,06um, or visible.

10
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TABLE 5.

STATISTICS FOR COMBINED MULTIPLE ROUND DUST DATA (14 CASES)

é Maans Standard Deviations

: K 9.75 3,443 1.06 Vinible 9.75 3,443 1,06 Visible
0.2 0.272 0,301 0.321 0.324 0.132 0.129 0.137 0,137
0.3 0.310 0,331 0.350 0.350 0.124 0.129 0.131 0.133
0.4 0.338 0.362 0.378 0,377 0.124 0.131 0.126 0.129
0.5 0,370 0.398 0.422 0.422 0,123 0.124 0.126 0.129
0.6 0,408 0.435 0.452 0.456 0.127 0.122 0.127 0.128
0.7 0,448 0,469 0.487 0.488 0.124 0.126 0.141 0.140
0.8 0.488 0,501 0.521 0.536 0.134 0.136 0.137 0.142
0.9 0.367 0,583 0.602 0.624 0.131 0.135 0,159 0.136

&

;
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TABLE 6. STATISTICS FOR TINT TRIALS OF DIRT-I (9 CASES)

Means Standard Daviations ‘ E

K 0,55 10,35 0,55 10.35
0.1 0.122 - 04105 0.137 0:109 i
0.2 0,146 0.151 0.154 0.155 3
0.3 0.159 0.167 0.157 0.157 &
0.4 0.184 0.195 0.162 0.166 ;
0.6 0.225 0.230 0.189 0.1%0 : '
0.7 0.243 0.254 0.203 0.212 ]
0.8 0.270 0.315 0.221 0.242 N
R
]

14




TABLE 7. STATISTICS FOR 155 mm TRIALS OF DIRT-I (12 CASES)

R ok ok A
s

? Means Standard Deviations
{ £ K 0,55 10,38 0.55 10,35
0.1 0,412 0.471-. 0.140 0,136
: 0.2 0.228 0.207 0.141 0,127
‘ " 0.3 0,247 0.243 0.144 0.134
g i 0.4 0.270 0.269 0.155 0.134
! ! 0.3 0.292 0.312 0.172 0.148
0.7 0.361 0.410 0.209 0.231
: 0.8 0.387 0.460 0.234 0.231
b ; 0.9 0,618 0.518 0.275 0.233
i
k. L
E.
S
.
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4, Other significant differences for single rounde ware detacted
only at very low transmission values (0.1 and 0.2) between 3.443um and
1,06um and betwaen 3,443um and visible, with the 3.443um baeing the better.

5. No significant differences were found in the multiple rounds
cases, including combinations of DIRT~I triale, probably becauss of the
lavge variation in the test conditions ameng the individual trials,
~ rather than the transmittance actually being wavelength indspendent.

16
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SUMMARY

A gat of transmittance data from 57 separate trials involving dust and
debris clouds generated by explosives and vehicles was analyzed to deter-
mine if eignificant diffaerences could be detacted for the various wave-
lengcths. In many of the individual csses, no differences could be

detected in the amount of time that tha transmittance was reduced to
specifiad levels, In 28 percent of tha cases, a significant difference

vas detacted batween the tranemittance in the 8um to l2um region and the
visiblsé region. In no casa was & difference detected betwaen transmittance
at 1.06um and visiblae,

Analysis of combined data from the vehicular duet trials showaed that
transnittance at 9.75um was batter than at 3,443um and 1.06um, Tranemit-
tance at 9.75um was better than at 3.443um, 1.06um, and visible for com=-
bined data from single explosion trials. Analysis of combined data from
multiple round trials yielded no significant differences, but probably
the variations in test conditions caused the resulte of the statistical
tests to be indeterminate.

17
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